-arene] were synthesized by coupling modified chiral quinuclidines derived from the natural-product-based alkaloids quincorine and quincoridine with the calix[4]arene 1 via either an ester bond or an amide bond. X-ray analyses of two products were performed. Applications of the products in asymmetric catalytic hydrogen transfer reactions are described. A protocol is presented to multi-substitute calix [4] arene at the methylene bridges, resulting in, e.g., 2,6-carboxyl-all-tert-butyl all-methoxy-calix[4]arene.
Introduction
The chemistry of calixarenes has been investigated intensively over the last few decades [1] [2] [3] [4] [5] [6] , whereby calix [4] arenes have been used especially often. In the past these molecules were modified mostly at the socalled upper and lower rims (Fig. 1 ). More recently, the methylene bridges have also been focus of research. Various calixarenes differ in the number of benzene cores and the bridge length. The calix [4] arene shown in Fig. 1 is a very common structure in the literature. A major modification to this framework is the replacement of the methylene bridges by 2-oxa-propylene bridges, leading to the family of the homo-oxa-calixarenes [7] .
In the description of calixarenes two aspects are generally mentioned; their cavity, which allows them to incorporate smaller molecules or atoms, and their fixed hydroxy groups, which allow them to form stable and rigid complexes. Although calixarenes themselves are quite rigid structures, they do have some conformational flexibility. Figure 2 shows the well-known family of conformers based on the example of 1 -tetraol (1, tert-butyl-calix [4] arene). Calixarenes have found widespread uses. In general chemistry they are used as surfactants, building blocks for synthesis, and catalysts. An example is the use of ligand A (Fig. 3) as catalyst [8] [9] [10] [11] ; A was synthesized in a three-step sequence and was used in a rhodium-catalysed hydroformylation reaction (Scheme 1).
The results were compared to those of catalysis ligand B (4 equivalents based on the rhodium species). The conversion in the case of calixarene ligand A was much slower but the purity of the nonanal reaction product was much better. The ratio of nonanal to all other detected isomeric products of the hydroformylation was 2.8 to 1.
Calixarenes are also widely used in coordination chemistry. Several transition metal complexes have been published [12] [13] [14] (see Scheme 2 for examples). In some digold-calix [4] arene complexes the gold(I) ions were shown to be mobile [15] . Other examples with calix [4] resorcinarenes have been presented [16] [17] [18] , which are structurally very similar to calix [4] arenes. Industrial applications have been described by Perrin et al. [19] . Calixarenes have been employed in electronic noses [20] , calcium-selective electrodes [21] and metalloreceptors [22] . They are even used in the cosmetic industry for fixation of hair coloring agents. In photochemistry they find applications in toners and as stabilizers for photographic films.
An important use of a calix [4] arene in the field of organic chemistry is the β-stereoselective galactosylation of glucose-derivative D (Scheme 3). The activated compound C is used as a galactosyl donor, which is activated by AgClO 4 . The tetra-O-propylated cone-calix [4] galactosyl cation by cation-π-interactions, and a β-stereoselctive galactosylation of the anomerically pure glucose-derivative D to compound E could therefore be conducted [23, 24] . A calix [4] arene has also been introduced into a polymer backbone [25] .
A major theme in the use of calixarenes is based on their ability to bind selectively to structures by utilising their cavity. Thus they have been employed in environmental technology as absorbers of heavy metals such as uranium and mercury [26] , and they have found applications as extractants of organic molecules coordinated to precious metals [27, 28] or rare earths [29, 30] . They are capable of separating the Buckminsterfullerenes C 60 and C 70 [31] . In the field of medicine they are used as capsules [32] or modified as antibody mimetic compounds [33, 34] . The company Synaptec has developed stationary phases based on calixarenes; these "Caltrex ® -phases" were able to separate ortho-, meta-and para-toluidine. A further development has been the coupling of chiral residues to calixarenes; sugar derivatives can be coupled at the lower [35, 36] and the upper rim [37] . Such compounds find applications in the field of asymmetric synthesis.
Maier et al. discovered another combination by coupling derivatives of quinine with a calix [4] arene and immobilizing these on silica gel via a thio-linker (Fig. 4) . With this material they tested the separation of racemic mixtures of various protected amino acids, e.g., Z-alanine, by liquid chromatography. For comparison they also used a stationary phase where they replaced the calix [4] arene by a structurally simple tert-butyl rest [38, 39] . The lowest ratio of the retention times (S-enantiomer : R-enantiomer) was 1.57 for Z-alanine Scheme 2: Synthesis of transition metal complexes [4] . using the stationary phase F, where the configuration of the Cinchona alkaloid at C9 was unnatural and the connection was realized via a urea bond. The urethane-bonded material with the same unnatural stereo chemistry as F has a ratio of just 1.14. Interestingly the tert-butyl-variation of F also has a ratio of 1.42. The result is therefore that the main discrimination was associated with the Cinchona alkaloid but the calix [4] arene also gave an improvement of around 10 %. There are further examples where the effect is up to 20 %. The naturally configured materials (an example is G) had the opposite elution order but with smaller ratios.
Inspired by this work, we wished to investigate if such an effect could also observed in asymmetric catalytic hydrogen transfer reactions. Arvidsson et al. described in their work the iridium-catalysed reduction of acetophenone using derivatives of quincorine-C9-amine and quincoridine-C9-amine (Fig. 6 ) as chiral ligands [40, 41] . They achieved an enantiomeric excess of around 80 % and good yields (Scheme 4).
Our plan was to couple derivatives of quincorine and quincoridine with tert-butyl-calix [4] arene 1 ( Fig. 5 ) and test the products in asymmetric catalytic reductions. Here we report the results.
Results and discussions
The tert-butyl-calix [4] arene 1 was chosen as the starting point. This was to be combined with modified derivatives of quincorine (QCI) and quincoridine (QCD) as sources of chirality; these are based on the Cinchona alkaloids quinine and quinidine and have in their simplest forms an amine or an alcohol functionality. The coupling of these two moieties should then be realized through an ester or an amide bond, so that the calix [4] arene must be modified by the introduction of a carboxyl functionality.
Lower rim derivatives Preparation of the acids
The preparation of the acid functionality followed an established protocol. First the calix [4] arene was coupled with ethyl bromoacetate followed by the cleavage of the ethyl ester (Scheme 5). The di-acid 4 was obtained using potassium carbonate [42] and the tetra-acid 6 using NaH as base [43, 44] . In both cases the esters were cleaved using sodium hydroxide in aqueous ethanol.
Introduction of the chiral decoration
These acids were now coupled with the C9-amine-quincorine (QCI-C9-NH 2 ) [45] , establishing an amide bond. The method of choice was to transform the acids to their corresponding acyl chlorides. The di-acid was synthesized using benzene and thionyl chloride [46, 47] and the tetra-acyl-chloride was generated by a protocol of Zlatuskova et al. using tetrachloromethane as solvent [44] . In both cases alternative attempts using other solvents failed. Having the acyl chlorides in hand, the amides were synthesized successfully in good yields (Scheme 6). Scheme 5: Synthesis of lower rim acids followed by the synthesis of the acid chlorides. -C9-amine  QCI-C9-NH 2   Quicoridine-C9-amine  QCD-C9-NH 2   Dihydro-QCI-C9-NH 2  Didehydro-QCI-C9-NH 2  Dihydro-QCD-C9-NH 2  Didehydro-QCD-C9-NH 2   e  p  y  t  -e  n  i  d  i  n  i  u  Q  e  p  y  t  -e  n  i  n  i These reactions were also performed successfully for the dihydro-and didehydro-derivatives of QCI-C9-NH 2 [48] giving the compounds 8, 9, 14, 15 and the corresponding series of quincoridine derivatives (Fig. 6 ) giving the compounds 10-12 and 16-18.
Furthermore we coupled C10-modified C9-amine derivatives of QCI and QCD as a third mode of providing chiral information. The modification is described in Scheme 7. After a Boc-protection of the QCI-C9-amine the double bond is transformed to an aldehyde functionality. This aldehyde is reduced to the corresponding alcohol, which can be isolated in a good yield of 78 % [49] . The QCD derivative 20 is produced following the same protocol. The structure is illustrated in Fig. 7 .
The protected aminoalcohols 19 and 20 were now coupled to the modified tert-butyl-calix [4] arene 3, which has two carboxyl groups, using 1-methyl-pyridinium iodide. After the successful coupling in both cases the Boc-groups were cleaved using an ethereal solution of hydrogen chloride (Scheme 8). 
X-ray analysis
Single crystals of di-dihydro-QCI-C9-NH 2 -calix-4-arene amide 9 and di-dihydro-QCD-C9-NH 2 -calix [4] arene amide 12 ( Fig. 8 ) were obtained and X-ray determinations carried out for both compounds (Figs. 9 and 10) [50] . Compound 9 crystallizes in the monoclinic space group C2; the asymmetric unit contains two half molecules (each of which corresponds to a molecule with exact twofold symmetry) and two chloroform molecules. For the sake of brevity, only the structure of one independent molecule is discussed in detail (the other molecule is similar, see Supplementary Material for details). Compound 12 crystallizes solvent-free in the hexagonal space group P6 5 with one molecule in the asymmetric unit.
The structure analyses confirm that the acids are 1,3-coupled to the calix-4-arene, whereby the bridgehead amines of the quinuclidines are orientated towards the center of the calix-4-arene cavity. The molecules of 9 and 12 both display a distorted cone geometry. For compound 9, the facing phenolic units (aromatic ring C11-16 and its symmetry-equivalent ring) that bear the substituents are (very) approximately parallel; the interplanar angle is 19° and the angle between the vector C11···C14 and the crystallographic twofold axis is 10°. The intercentroid distance between these two rings is 5.7 Å. The other two rings, C21-C26 and its equivalent ring, are much more strongly tilted with respect to the twofold axis, with a corresponding angle of 51°, an interplanar angle of 102° and an intercentroid distance of 7.5 Å. The interplanar angle between C11-C16 and C21-C26 is 83°. The distance between the two bridgehead nitrogens (N1 and its symmetry-equivalent) is 6.2 Å.
The molecule of 9 displays a system of hydrogen bonds. One intramolecular bond is formed from the amide group to the symmetry-equivalent phenol OH group (N2-H02···O21, with H···O 2.39 Å) and a second such bond from the same phenol group to its substituted counterpart (O21-H21···O11, with H···O 2.14 Å). Furthermore, the chloroform molecule is connected to the carbonyl oxygen of the calixarene by an extremely short interaction C98-H98···O12, with H···O just 2.12 Å); for a review of hydrogen bonding to solvent chloroform and dichloromethane, see [51] .
The molecular structure of compound 12 is in many respects closely similar to that of 9. The phenolic units (aromatic rings C11-C16 and C31-C36) that bear the substituents subtend an interplanar angle is 19°; the intercentroid distance between these two rings is 5.7 Å. The other two rings, C21-C26 and C41-C46, subtend an interplanar angle of 104° and have an intercentroid distance of 7.5 Å. The distance between the two bridgehead nitrogens (N1 and N3) is 7.2 Å. The intramolecular hydrogen bonds are: N2-H02···O21 with H···O 2.36 Å; O21-H21···O31 1.86 Å; N4-H04···O41 2.29 Å and O41-H41···O11 1.84 Å.
Methylene-bridge derivatives
Although most modifications of calixarene-type molecules are carried out at the lower or upper rim, Weber et al. have presented a calix [4] arene modified at the methylene bridge. 
Preparation of the acids
The synthesis started from the all-methoxy-calix [4] arene 25 [52] . This compound was treated with an excess of n-BuLi at -78 °C and quenched with solid carbon dioxide [53, 54] . The resulting compound contained exactly one carboxyl functionality (Scheme 9, compound 26). No trace of a double addition was found, either by us or by Weber et al.
In order to introduce a second carboxylic group, the first had to be protected by a group stable to n-BuLi. Attempts to use the free acid 26 failed even for large excesses of a variety of deprotonating agents such as n-BuLi, LDA or NaH. The group of choice was the 2-oxazoline moiety, which was established in a three-step protocol. When the first acid is protected, the second can be introduced using the Weber protocol (Scheme 9). After deprotection under acid conditions the free di-acid 30 was generated. The acid groups were established at the 1,3-positions of the methylene bridges.
Introduction of the chiral groups
With the methylene-bridged mono-acid 26 and methylene-bridged di-acid 30 in hand, it was planned to introduce the chiral derivatives of QCI and QCD. Here we used the corresponding alcohols, which were to be connected via an ester bond, and the C9-amines, which were to be connected via an amide bond. Furthermore we tried to couple C10-modified C9-amine as a third mode of providing chiral information.
The coupling with the Boc-protected C10-hydroxy-QCI-C9-amine and Boc-protected C10-hydroxy-QCD-C9-amine were performed successfully by using 1-methyl-pyrimidinium iodide under standard conditions. The various C9-amines (Fig. 6) were introduced with success via the acyl chloride route. The attempts to couple QCI, QCD and their dihydro and didehydro-derivatives unfortunately showed no conversion to the desired esters, and neither the use of coupling agents such as EDC, DCC, DIC, 1-methyl-pyrimidinium iodide nor the use of the acyl chloride as active intermediate was successful. In Scheme 10 some examples are given.
Furthermore all products based on the C9-amines are illustrated in Fig. 11 . To complete the row the acid 26 was also coupled with the Boc-protected C10-hydroxy-QCD-C9-amine 20 forming the ester 39.
The Boc-protected C10-esters were cleaved by using ethereal solutions of hydrogen chloride. The products are illustrated in Fig. 12 .
The methylene-bridged di-acid could also be transformed to the various types of products. As an example, the esterification with Boc-protected C10-hydroxy-QCD-C9-amine 28 is given (Scheme 11). The Boc-groups were removed using the standard method with hydrogen chloride, resulting in the deprotected compound 42.
Asymmetric hydrogenations
The synthesized chiral compounds were tested in the asymmetric hydrogenation of acetophenone. A common protocol of the catalytic hydrogen transfer reaction was used. As metal sources {[(η 6 -p-cymene)Ru(μ-Cl)Cl} 2 ] [55, 56] , Cp*RuCl(isoprene) [57] and [IrCl(COD)] 2 [43] were used (Scheme 12).
Calix[4]arene C9 amides -lower rim and methylene bridged
The reductions were performed in the presence of the amides 7-18, 31 and 34-38 using {[(η 6 -p-cymene)Ru(μ-Cl)Cl} 2 ] and [IrCl(COD)] 2 as catalyst. The reductions were faster in the presence of the amides than in their absence. Unfortunately no chiral influence of the co-catalyst on the product 1-phenylethanol was observable.
Calix[4]arene C10 esters -lower rim and methylene bridged
The reductions were performed in the presence of the esters 22, 24, 39, 40 and 42 using {[(η 6 -p-cymene) Ru(μ-Cl)Cl} 2 ], Cp*RuCl(isoprene) and [IrCl(COD)] 2 as catalyst. The reductions were complete in less than half an hour, but again no chiral influence of the co-catalysts was observed.
Conclusions
The syntheses of serveral chiral derivatives of tert-Butyl-calix [4] arene 1 and all-methoxy-tert-butyl-calix [4] arene 25 are described. The modification route in the case of 1 followed the established protocols while in the case of 25 with the di-acid 30 also an unprecedented derivative was synthesized. Several amides based on the chiral compounds QCI-C9-amine and QCD-C9-amine and their derivatives were generated. The correspond- ing esters using QCI and QCD could not be synthesized. The esters formed by the various calix [4] arenes and the di-Boc-C10-hydroxy-QCI-C9-amine 19 or the di-Boc-C10-hydroxy-QCD-C9-amine 20 were accessible.
Unfortunately the use of these new chiral compounds provided no enantioselective effect in the hydrogen transfer reaction of acetophenone, although the reaction time was shortened.
Furthermore we present for compounds 9 and 12 X-ray analyses that confirm the cone conformation of these derivatives. Compound 9: A mixture of the 1,3-calix [4] arene acid chloride 4 (300 mg, 0.374 mmol) was dissolved in dry DCM (10 mL) and dropped to a solution of Ethyl-QCI-NH 2 (138 mg, 0.822 mmol) and Et 3 N (95 mg, 0.935 mmol) in dry DCM (10 mL). The reaction mixture was stirred at room temperature overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. Compound 12: A mixture of the 1,3-calix [4] arene acid chloride 4 (300 mg, 0.374 mmol) was dissolved in dry DCM (10 mL) and dropped to a solution of ethyl-QCI-NH 2 (138 mg, 0.822 mmol) and Et 3 N (95 mg, 0.935 mmol) in dry DCM (10 mL). The reaction mixture was stirred at room temperature overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. Compound 13: A mixture of the calix [4] arene acid 5 (180 mg, 0.2 mmol) and oxalyl chloride (2 mL) in dry CCl 4 (20 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethenyl-QCI-NH 2 (198 mg, 1.2 mmol) and Et 3 N (161.9 mg, 1.6 mmol) in dry DCM (10 mL). The reaction mixture was stirred at room temperature overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. Yield: 29 % (87 mg, 0.059 mmol).
Experimental
IR Compound 15: A mixture of the calix [4] arene acid 5 (180 mg, 0.2 mmol) and oxalyl chloride (2 mL) in dry CCl 4 (20 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethyl-QCI-NH 2 (200 mg, 1.2 mmol) and Et 3 N (161.9 mg, 1.6 mmol) in dry DCM (10 mL). The reaction mixture was stirred at room temperature overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. Yield: 32 % (93.5 mg, 0.064 mmol).
IR 
Compound 16:
A mixture of the calix [4] arene acid 5 (180 mg, 0.2 mmol) and oxalyl chloride (2 mL) in dry CCl 4 (20 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethenyl-QCD-NH 2 (198 mg, 1.2 mmol) and Et 3 N (161.9 mg, 1.6 mmol) in dry DCM (10 mL). The reaction mixture was stirred at room temperature overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. Yield: 27 % (80 mg, 0.054 mmol).
Compound 17:
A mixture of the calix [4] arene acid 5 (180 mg, 0.2 mmol) and oxalyl chloride (2 mL) in dry CCl 4 (20 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethynyl-QCD-NH 2 (195.6 mg, 1.2 mmol) and Et 3 N (161.9 mg, 1.6 mmol) in dry DCM (10 mL). The reaction mixture was stirred at room temperature overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. Yield: 33 % (98mg, 0.066 mmol).
IR Compound 18: A mixture of the calix [4] arene acid 5 (180 mg, 0.2 mmol) and oxalyl chloride (2 mL) in dry CCl 4 (20 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethyl-QCD-NH 2 (200 mg, 1.2 mmol) and Et 3 N (161.9 mg, 1.6 mmol) in dry DCM (10 mL). The reaction mixture was stirred at room temperature overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. 
Compound 21:
A mixture of 0.1 g (0.13 mmol, 1 eq.) of diacid 3, was dissolved in 15 mL of dry DCM. To this mixture was added 0.145 g of Di-Boc-QCD-C10-OH 20 (0.39 mmol, 3.0 eq.). Then 127 mg of DMAP (1.04 mmol, 8 eq.) and 166 mg of 1-methylpyridinium iodite (0.65 mmol, 5 eq.) were added. The reaction was stirred at room temperature for 1 h (TLC shows complete conversion diethylether : MeOH NH 3 20:2:4 drops, rf = 0.8). After the reaction was finished, water was added to the solution, the phases were separated. The organic phase was dried and evaporated, and the residue was purified by flash chromatography (20 Compound 23: A mixture of 0.1 g (0.13 mmol, 1 eq.) of diacid 3, was dissolved in 15 mL of dry DCM. To this mixture was added 0.145 g of Di-Boc-QCI-C10-OH 19 (0.39 mmol, 3.0 eq.). Then 127 mg of DMAP (1.04 mmol, 8 eq.) and 166 mg of 1-methylpyridinium iodite (0.65 mmol, 5 eq.) were added. The reaction was stirred at room temperature for 1 hour (TLC shows complete conversion diethylether : MeOH NH 3 20:2:4 drops, rf = 0.8). After the reaction was finished, water was added to the solution, the phases were separated. The organic phase was dried and evaporated, and the residue was purified by flash chromatography (20 Compound 26: A solution of 2.8 mL (18.3 mmol) TMEDA in solved in 100 mL dry THF was cooled down to -78 °C. At this temperature 5.7 mL (13.8 mmol) n-BuLi (2.4 M in n-hexane) was added. After 30 min a solution of 2.0 g (2.8 mmol) 25,26,27,28-tetramethoxycalix [4] arene in 50 mL dry THF was added by syringe. The resulting dark red solution was allowed to warm up to room temperature. After 1 h, solid CO 2 was added in excess, immediately changing the color of the solution to yellow. Removal of all volatiles resulted in a yellow residue, which was dissolved in a small amount of methanol. By addition of water, a white precipitate was formed giving after recrystallization from methanol as a microcrystalline solid. Compound 27: A mixture of 1.6 g of acid 26 (2.1 mmol), 1 mL of SOCl 2 (1.64 g, 13.7 mmol) and one drop of DMF in dry DCM was stirred at room temperature under an argon atmosphere for 3 h. The excess SOCl 2 was removed by distillation and the residue, was dissolved in DCM (5 mL) and added dropwise to a solution containing 0.5 g of 2-amino-2-methyl-1-propanol (5.0 mmol) in DCM (5 mL) at 0 °C. After the addition was complete, the reaction was stirred for 12 h. The precipitate was removed by filtration was purified by flash chromatography (30g silica gel, eluent ethyl-acetate:hexane 1:2). Yield: 68 % (1.1 g, 1.42 Compound 28: One milliliter of SOCl 2 was added dropwise to 1 g of the amide 27 (1.2 mmol) under argon atmosphere. After the solution was stirred for 2 h, the reaction mixture was poured into 20 mL iced water. The pH was adjusted to basic value with a solution of KOH (4 N) and the mixture twice extracted with ethyl-acetate (2 × 50 mL). The organic layer was separated, dried over Na 2 SO 4 and evaporated. The rezidue was purified by flash chromatography (20 g silica gel, eluent Ethyl-Acetate:Hexane 1:2 
Compound 29:
A solution of 0.43 mL (3.9 mmol) TMEDA in solved in 10 mL dry THF was cooled down to -78 °C. At this temperature 1.16 mL (2.9 mmol) n-BuLi (2.4 M in n-hexane) was added. After 30 min a solution of 0.5 g (0.6 mmol) compound 28 in 20 mL dry THF was added by syringe. The resulting dark red solution was allowed to warm up to room temperature. After 1 h, solid CO 2 was added in excess, immediately changing the color of the solution to yellow. Removal of all volatiles resulted in a yellow residue, which was dissolved in a small amount of methanol. By addition of water, a white precipitate was formed. [4] arene-2-carboxylic acid (cone) 26 (100 mg, 0.133 mmol) and oxalyl chloride (3 mL) in dry CCl 4 (10 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethenyl-QCI-NH 2 (24.26 mg, 0.146 mmol) and Et 3 N (16.15 mg, 0.156 mmol) in dry DCM (10 mL). The reaction mixture was stirred at r.t. overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. 81 (m, 1 H, H-3), 1.72-1.61 (m, 1 H, H-4 Compound 33: A mixture of 0.1 g (0.133 mmol, 1 eq.) of acid 26, was dissolved in 15 mL of dry DCM. To this mixture was added 0.074 g of Di-Boc-QCI-C10-OH 19 (0.2 mmol, 1.5 eq.). Then 63.5 mg of DMAP (0.52 mmol, 4 eq.) and 83 mg of 1-methyl-pyridinium iodide (0.33 mmol, 2.5 eq.) were added. The reaction was stirred at room temperature for 1 h (TLC shows complete conversion diethylether : MeOH : NH 3 20:2:4 drops, rf = 0.8).
After the reaction was finished, water was added to the solution, the phases were separated. The organic phase was dried and evaporated, and the residue was purified by flash chromatography (20 g 25,26,27,28-tetramethoxycalix[4] arene-2-carboxylic acid (cone) 26 (100 mg, 0.133 mmol) and oxalyl chloride (3 mL) in dry CCl 4 (10 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethynyl-QCI-NH 2 (23.95 mg, 0.146 mmol) and Et 3 N (16.15 mg, 0.156 mmol) in dry DCM (10 mL). The reaction mixture was stirred at r.t. overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. 25,26,27,28-tetramethoxycalix[4] arene-2-carboxylic acid (cone) 26 (100 mg, 0.133 mmol) and oxalyl chloride (3 mL) in dry CCl 4 (10 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethenyl-QCD-NH 2 [4] arene-2-carboxylic acid (cone) 26 (100 mg, 0.133 mmol) and oxalyl chloride (3 mL) in dry CCl 4 (10 mL) was refluxed for 3 h. After cooling, the solution was evaporated to dryness and the residue was dried under vacuum. The resulting yellow solid was dissolved in dry DCM (5 mL) and evaporated again to dryness under vacuum. The remaining acid chloride was dissolved in dry DCM (5 mL) and dropped to a solution of ethynyl-QCD-C9-NH 2 (24.55 mg, 0.146 mmol) and Et 3 N (16.15 mg, 0.156 mmol) in dry DCM (10 mL). The reaction mixture was stirred at r.t. overnight. The solution was concentrated to dryness and the crude product, was purified by flash chromatography. It remained a white solid. Compound 39: A mixture of 0.1 g (0.133 mmol, 1 eq.) of acid 26, was dissolved in 15 mL of dry DCM. To this mixture was added 0.074 g of Di-Boc-QCD-C10-OH 20 (0.2 mmol, 1.5 eq.). Then 63.5 mg of DMAP (0.52 mmol, 4 eq.) and 83 mg of 1-Methy-pyridinium iodide (0.33 mmol, 2.5 eq.) were added. The reaction was stirred at room temperature for 1 h (TLC shows complete conversion diethylether : MeOH : NH 3 20:2:4 drops, rf = 0.8). After the reaction was finished, water was added to the solution, the phases were separated. The organic phase was dried and evaporated, and the residue was purified by flash chromatography (20 49 (m, 1 H, H-3 
X-Ray structure determinations
Compound 9 crystallized as a chloroform disolvate and compound 12 solvent-free. Crystals were mounted in inert oil on glass fibers and transferred to the cold gas stream of the diffractometer (Oxford Diffraction Nova A for 9 and Nonius KappaCCD APEX-II for 12). Intensity data were recorded at low temperature using mirror-focussed (9) or monochromated (12) Cu Kα radiation (λ = 1.54184 Å). Absorption corrections were based on multi-scans. The structures were refined anisotropically on F 2 using the program SHELXL-97 [30] . Hydrogens of NH and OH groups were located in diference syntheses and refined freely but with X-H distance restraints. Other hydrogens were refined using rigid methyl groups allowed to rotate but not tip, or a riding model starting from calculated positions. Special features: For compound 9, the solvent chlorine provided adequate anomalous scattering to confirm the absolute configuration, with a Flack parameter of 0.008 (8) . The lower crystal quality of 12 and its lack of heavier atoms prevented the unambiguous determination of the Flack parameter and Friedel opposite reflections were therefore merged. A space group and configuration consistent with the known QCD confguration were chosen. For both structures, some t-butyl groups were disordered over two positions. Appropriate restraints were used to improve refinement stability, but dimensions of disordered groups should be interpreted with caution. Disordered groups in 12 were refined isotropically. Crystallographic data (Table 1) have been deposited with the Cambridge Crystallographic Data Centre as supplementary publications no. CCDC-1036066 (9), CCDC-1036067 (12) . Copies of the data can be obtained free of charge from www.ccdc.cam.ac.uk/data_request/cif.
